Dr. J. Morrison, senior school medical officer, for help in tracing this family. It will be interesting to note later whether these three children, so much worse than their fathers as regards the bone condition, develop otosclerosis. Discussion.-Professor NAGER (Ziirich) said that with regard to the similarity of the ear alterations in deaf people with fragilitas ossium, other authors and himself had examined cases in which the ear condition was undoubtedly otosclerosis, but the bone condition, which led to fragilitas ossium, was something quite different, because there was a defective function of osteoblasts. Thus two different bone diseases, the causes of which were not yet known, might be present in the same patient. He had examined temporal bones in children with fragilitas ossium, without otosclerosis, and had found the well-known anomnalies of osteopsathyrosis.
Dr. Ritchie Rodger had pointed out that heredity was an important factor in otosclerosis, but the laws of heredity were not certain. He (Professor Nager) thought that there might be different causes for otoselerosis. There might be endocrine factors-because otosclerosis usually began at puberty. The symptoms, however, arose only when the stapedio-vestibular joint was affected. Therefore the disease might be present without any clinical symptoms.
It had been pointed out by the late Dr. A. A. Gray and others that affections of the blood-vessels might play a role in this disease. Therefore the treatment with thyroxine had been suggested, but it was still too early to decide as to the effect of this treatment.
All bone diseases in the temporal bone offered a special interest in regard to otoselerosis, the latter having some similarity with osteitis fibrosa. As osteitis fibrosa could be produced experimentally there might be possibilities of treatment even for otoselerosis.
Mlr. F. J. CLEMINSON showed on the epidiascope a coloured drawing of a slide which Professor Nager had sent bim ten years ago from a case which showed the triple syndrome, and which appeared at that time to illustrate the paper to which Dr. Ritchie Rodger had alluded. The section showed a very wide distribution of the bony changes throughout the whole labyrinth. They were found even at the apex of the cochlea and in the region of the semicircular canals, as well as in and round the footplate of the stapes. The late Dr. Albert Gray had told him (the speaker) that for this reason, in the main, he did not regard the temporal bone changes in these blue-sclerotic cases as being of a true otoselerotic character, but classed them with what might be seen in such conditions as Paget's disease. Dr. Gray believed that in true otoselerosis the changes began round the margin of the fenestra ovalis, and were for a long time confined to this region.
DISCUSSION ON DISTURBANCES OF FUNCTION OF THE EAR FOLLOWING INJURY
Dr. G. Kelemen (Budapest): Injuries affecting the ear may be divided into two groups-one in which the petrous bone shares in a general damage of the other parts of the skull, the other in which injury is limited to a disturbance of the sense of hearing or equilibrium. During the Great War, cases in the former group were frequent, while in peace-time cases in the latter group are more prevalent. These latter cases are of peculiar interest to us since, whilst much attention has been always paid to fractures of the skull due to accident, it is only during the last few years that special disturbances of hearing and equilibrium have been studied in factories and similar institutions where both senses are in danger. The consequences of these two kinds of disturbance may be divided again into two large groups, one in which secondary inflammation becomes the important factor and the other in which the injury of the terminal nerve-organ is not complicated by inflammation or at least where the associated suppuration is not the most important factor. It remains for us to discuss whether cases of suppuration and nerve degeneration following trauma, demand any different consideration from that of similar cases in which no trauma has occurred. Yet again, injuries of the ear and their consequences can be classified either according to their localization or as regards their symptoms.
Pietrantoni is quite correct in urging that the latter classification is more important for forensic or insurance purposes, whilst the former classification is more helpful from the clinical point of view of diagnosis and treatment.
For our present purpose this clinical classification seems to be the most useful. We must first keep clear the pathological basis as a guidance for procedure, and secondly decide if the usual clinical treatment is to be modified in respect of a history of trauma? I do not propose to give a systematic summary of injuries of the ear and their consequences as I think that pictorial demonstration miay be more acceptable.
An analytical table by Tanturri of 111 autopsies on fractures of the skull shows that longitudinal fractures in front and behind the pyramid are by far the most FIG. 1. common, and that transverse fractures are, both comparatively and absolutely, rare. This fact is of great importance to otologists who fear transverse fractures, because they may cross the labyrinth, and, without leaving any traces which can be detected by otoscopy, may involve most important parts of the sense organs, and, in addition, may offer a route for intracranial complications via the internal auditorv meatus. Possibly the prevalence of longitudinal fractures does not depend directly on the point of application of the injury, but is determined by the structure of the temporal bone, since the direction of the fracture-line shows a deviation in front and around the osseous inner ear. Thus it can be observed ( fig. 1 ) how the fracture, which is nearly transverse at first, deviates in fronit of-or, so to say, glides down before-the promontory. Thus it lhappens that a fracture often seems to enclose the bony capsule of the inner ear, like the fingers grasping a ball.
It is a remarkable fact that in most cases fractures run in a characteristic direction, irrespective of the direction of the blow and the site of the injury; thev descend from the squama and tend to pass round the capsule of the labyrinth in the way described. Perhaps this is dependent on the peculiar structure of the temporal bone; the fracture-lines are turned to the same direction whatever part of the skull may be injured. The two parallel lines in front and behind the pyramid do not afterwards form any indication of the site of the trauma, the effect of which may be distributed equally on both sides.
There is, however, another factor by which the laws of mechanics preside over the protection of the important contents of the inner ear. The 8th nerve, composed of fibres derived from the terminal apparatus, has to run along three anatomically definite sections. At its commencement the branches completely occupy the narrow intra-osseous channels; later it lies more loosely in the internal auditory meatus. Between these two a clearly defined third section can be recognized. This is a funnel-shaped cavity with sometimes a spur of bone narrowing the opening; the nerve coming from the interior of the petrous bone emerges finally, through a more or less circular opening, into this cavity, being at this point often bent at an angle. The importance of this interposed section in the neutralization of pressure is demonstrated by the fact that in the internal auditory meatus and the funnel-shaped ante-chamber injuries may be merely perineural, but in its course in the narrower osseous canals the nerve itself may be injured. This fact also assists the limitation of infection invading the endocranium in transversal fractures.
Dr. Szanto, of our Clinic at Budapest, recently published an account of examination of the petrous bone taken from a patient with normal ears, but who had been subjected, three days before his death, to traumata caused by the blows of the chisel used for the purpose of craniotomy in the immediate vicinity to the ear. It was most interesting to note that no microscopical effects could be traced in the petrous bone.
In searching for similar material which might provide the opportunity of examining the effect of injury to the skull on the normal temporal bone, attention was directed to the examination of the petrous bone of the foetal skull in cases born after craniotomy. Here a most important subject, that of birth-injuries, may be briefly discussed. Fig. 7 shows extensive haemorrhage into the cochlea, whilst fig. 2 shows a normal cochlea with considerable bhemorrhage in the internal auditory meatus. Fig. 6 shows a bhimotympanum with blood in the middle ear, and especially in the region of the stapes and oval window. There is a hemorrhage into the stapedius muscle. Fig. 1 shows blood in the tympanum, meatus, and internal ear, while the cochlea, is uninjured.
The first signs of inflammation are of particular interest. There can be shown a little extravasation in the peri-lymphatic space of the semicircular canal, and a commencing infiltration of leucocytes in the connective tissue of the fossa subarcuata around a small vessel much distended with blood in cases dying a few hours. after injury. These two cases demand great attention since they show that during the few hours concerned in instrumentation and delivery, the first signs of inflammation can already be detected, and that thus, it is of first importance to study the phenomena of inflammation which accompany traumata. What has been said about the structure of the inner ear in regard to its reaction to injury, together with these illustrations demonstrating the actual effects of injury, lead us to the main point of our thesis, that is, the consequences of such injuries. Now, of all the numerous variations of inflammatory disease of the ear, I would especially emphasize two which inay be regarded as extremes of such inflammation, namely, the simple otitis of the newborn child and the last consequences of inflammatory suppuration processes-the formation of cholesteatoma.
It has already been shown how rapidly inflammation follows the slightest trauma during birth, and the development of otitis media in the newborn child thus becomes easily intelligible. It will now be seen how the final consequences of a long-standing suppuration-that is, cholesteatoma-may develop from a single injury. At the same time the pictures demonstrate characteristically the Again, there exists a peculiar sort of fracture or fissure in the adult petrous bone which can be traced in the osseous capsule of the inner ear. For example, there is one between the fenestra ovalis and the ampulla of the horizontal canal. These fissures are sometimes straight, sometimes sinuous, and contain material of hyaline or cellular character. According to Otto Mayer, these are due to repeated slight injuries; I consider that they are caused by temporary rises of intracranial pressure. I mention them, however, because Otto Mayer believes there is a connexion between the healing of these fractures and the genesis of otosclerosis. I do not intend to discuss otosclerosis; I only mention that this disease also has been suggested as due to trauma.
Since this paper only aims at the description of the late consequences of traumata of the ear, I do not propose to discuss the question whether we can determine if an injury has occurred or not, and will only emphasize two points which may be of importance in the diagnosis of certain cases. The first concerns otoscopy. It may happen that a splinter of bone lies under the intact skin of the meatus, which at first sight may only be regarded (fig. 5 ) as a simple swelling of the soft parts, but which, in fact, represents a fracture. The second point is the interpretation of X-ray examination which may be even more deceptive. It is surprising how fractures, quite evident otherwise, may remain invisible to the X-rays, whilst on the other hand, X-rays may sometimes show false fracture-lines which cannot be detected on a subsequent post-mortem examination. Hajek says, in his Semon lecture, 1928, "A book could be written about the numerous deceptions of radiology in the realm of laryngo-rhinology." Let us add "and otology." These remarks, however, are not meant to discourage radiology but, on the contrary, to urge that X-ray pictures should be taken from different angles and conscientiously examined.
In this paper I have attempted to indicate questions which concern the changes of function in the pictures shown. The following afford especial help in this respect.
A fracture in the region of the tegmen tympani may run so close to the facial nerve and its geniculate ganglion that it is quite easy to understand why the function of this nerve should be involved, even though there may be no direct lesions of the nerve. The loss of mobility of the chain of the ossicles produces the well-known deficiency of function-defective hearing by air conduction. Davis found this condition of hearing in a considerable number of cases. Thus as a result of a firnm. coagulum of blood in the vicinity of the inalleo-incudal articulation, the mobility of the latter may be suspended. The same change may occur in the articulation between the incus and stapes, whilst the tendon of the stapedius muscle may also be rendered rigid, owing to permeation by blood ( fig. 6 ). Haemorrhages in the FIG. 5. cochlea may result in disturbances of hearing such as tinnitus, or diplacusis, or in the deficiency of perception for certain notes, as occurred in a case of a circumscribed bleeding in the stria vascularis. According to Kisch, certain cases of defective hearing can be frequently observed after injuries to the head, even where visible signs of fracture of the skull are lacking. In cases of extensive fractures (fig. 7 ) the heariing may be totally lost. Again a slight vertigo may be the result of recent bleeding in the macula. Vertigo can be still present, even when the bleeding is nearly absorbed. A fracture of the tegmen (fig. 8 ) may involve the dura and thus the endocranium.
Attention has been drawn in the previous illustrations to the fact that signs of bleeding and inflammation were already present in connexion with the slightest injuries of the tympanic membrane or petrous bone, which facts tend to explain the origin of cases of delayed meningitis to which Nager drew attention at the Meeting of the Collegium Oto-Laryngologicum here in London in 1929. Such cases of fatal meningitis are reported by Klestadt on the 209th day, and by Ulrich on the 210th day, after fracture of the labyrinth, whilst Fraser has reported a case of fracture of the roof of the antrum and subsequent otitis media, with death from meningitis in FIG. 6. the case of a patient, one year after he had recovered from the immediate effects of fracture of the base of the skull-and in a case of McKenzie's meningitis developed a few months after fracture of the base.
We must not, however, be too ready to assume failure of bony union of such fractures as the means of transmission of inflammation, since, of course, there are many other well-known potential routes by which inflammation may invade the endocranium.
I have repeatedly emphasized that trauma is followed in the shortest time by inflammation. Now comes the question, should the procedure in cases of inflammation of the middle ear be modified if the inflammation is originated by trauma ? JULY-OTOL. 2 * 4:7
Most of those who formerly urged immediate operation in such cases have now revised their standpoint. Certainly more radical treatment is required than in non-traumatic suppuration. Ibbotson showed here, in 1931, a case of fractured base of the skull with severe complication in which the patient recovered after operation, and in which the indication for operation was based on symptoms which developed within a few days-paresis of the facial nerve, attacks of cramp and definite mastoiditis.1 Might not all these symptoms develop in a case of suppuration not complicated by fracture of the skull ? and would one hesitate to operate in such FIG. 7. cases just because there was no history of trauma? Other conditions being the same, I suggest that one should undertake a more radical operation after trauma than after influenza, but surely a less radical operation than after scarlet fever. Exactly five years ago this section discussed the treatment of injuries of the ear arising from fracture of the skull.2 I believe I have contributed by reference in this paper to cases similar to those to which Davis alluded in his remarks. Since then our opinions have changed in several respects-our knowledge has been enlarged by consideration of the consequences of injury during birth and also as regards industrial 1 Proceedings, 1932, 25, 487 (Sect. Otol., 29).
2 Ibid., 1931, 24, llil (Sect. Otol., 69) . 48 1122 lesions of the inner ear, which latter are of extreme importance from a social and legal aspect. Psycho-physiological questions also are now much better understood and much more investigation has been made on auditory fatigue. Discussion of these points, however, is not within the scope of this paper. _ : 7~. FiG. 8. Lesions due to trauma must be judged together with the condition of secondary inflammation and treatment should be conducted on the general principles which direct our everyday practice.
Demonstration of Illustrative Microscope Slides.-F. R. NAGER (Zfirich). Two cases of longitutdinial fractutre of the temporal bone wvith rupture of the drum-, head explaining the bleeding in the meatus. In consequence of the h~emorrhage, the longitudinal fractures are more imposing, whereas, generally speaking, the prognosis as to life and hearing are more favourable, because the labyrinthine capsule remains untouched.
Transverse sections.-The fracture-line passes through the petrous boine. Therefore the labyrinth is destroyed and the patient remains deaf.
Tear of auditory nerve-A third form of injury. In consequence of the enormous concussion the nerve is torn in the fundus meatus.
Deaf-mutism in consequence of an injury of the head at the age of 4 years. The patient died, sixty years afterwards, of pneumonia. The alterations in the inner ear recall the findings in post-meningitic deaf-mutismn; ectasia of the cochlea, boneformation in the semicircular canals, vestibulum, and basal coil, &c.
Several sections of post-traumatic delayed meningitis. The transverse fracture line could be demonstrated during life with Stenver's method of X:ray exposure. Death occurred in these patients between 80 and 183 days after injury, the patients having remained deaf since the accident. The microscopic findings explain how the meningitis could arise because the fracture-line through the bony structures of the cochlea did not heal and remained open, so that a communication remained between the middle ear. the labyrinth, and the internal meatus. Otitis media, even though very slight, led to fatal meningitis.
In cases of transverse fractures the danger of delayed meningitis is always present. It is therefore important to be most careful in the conclusion with insurance cases. One case is recorded in which otitis media and meningitis occurred thirty years after the injury and the fracture-line had remained unhealed and formed the passage of infection.
In these cases the question of operation arises. According to Professor Voss (Frankfort), fracture of the petrous bone demands operation, and he thinks that if in these cases the slightest signs of meningitis occur, the operation should be performed. In one of his cases of transverse fracture he opened the labyrinth three weeks after the injury and the patient recovered.
Mr. E. D. D. Davis: Disturbances of the function of the ear following motor accidents when compensation is claimed are frequently seen. For the sake of brevity I propose to confine my remarks to internal-ear or nerve deafness.
The difficult cases are those of alleged concussion deafness in which it is assumed that there is an internal-ear, labyrinthine or nerve deafness arising from the concussion of a head injury. In my experience nerve deafness, as the result of injury in civil life, is very rare. Because of its deep-seated position and structure, the internal ear seldom sustains any anatomical or permanent damage except in severe-or almost always fatal-injuries. This statement was made by Arthur Cheatle on more than one occasion. It is unusual to obtain a history of injury in the many cases of nerve deafness seen in everyday practice. Even during the Great War, permanent so-called concussion deafness was not often seen. Lannois and Chavanne stated that of 262 cases of simple labyrinthine concussion there were only 5% of almost total and apparently incurable deafness. It must be remembered that the drum and its mechanism is a protection to the internal ear during explosions and appears to take the brunt of the force. It has been noticed that when the drum was ruptured, internal-ear deafness was absent or slight.
During the Great War, when injuries to the ear were common, these cases of nerve deafness were divided into three groups:
(1) Those cases with structural and permanent damage to the internal ear. The nature of the lesion could not be determined with certainty, but I would refer to the excellent work of J. S. Fraser on the morbid anatomy of war injuries to the ear and the microscopical sections which he showed to this section on February 16, 1917 .1 Gordon Wilson of Chicago published a similar paper on "The Results of High Explosives on the Ear," in February 1918. (2) Psychical or functional deafness. (3) Temporary deafness.
Cases of the first group showed evidence of severe injury, such as bleeding from the ear, the escape of cerebrospinal fluid, prolonged loss of consciousness, paralysis of cranial nerves--especially the facial-and other brain injuries. There was tinnitus and vertigo; evidence of trauma of the ear was visible. There was a marked degree of deafness and the loss of high notes; and there was a sluggish or absent caloric labyrinthine reaction. The deafness was permanent.
With the improved technique of modern radiology an X-ray photograph may show a fracture involving the labyrinth. There was one type of war injury which might be compared to an alleged concussion deafness resulting from a motor accident, namely a glancing bullet wound or shell wound of the skull in the region of the ear.
Apart from the apparent superficial wound there was no demonstrable lesion, but the patient had a marked degree of deafness of the ear on the same side as the wound, with tinnitus and vertigo. The deafness was permanent.
The second group consists of psychical or functional deafness. The patient assumes absolute deafness and there are other curious unexplained nervous phenomena and even loss of voice. The hearing tests are contradictory and the patient does not appear to show any anxiety concerning the loss of hearing or any keen desire to recover. Sometimes there is a masked antagonism to any examination, particularly if the patient thinks one is on the side of the insurance company. There is no sign of any injury to the structure of the ear. Tests are applied to detect malingering but time will not permit me to discuss these; it is sufficient to say that I find the reading test-that is, the unconscious raising of the voice during the application of the noise machine to the affected ear-most reliable. Stangers' test with two tuning forks does not always come off. The jump reflex obtained by a sudden crashing noise may be fallacious.
The third group consists of cases of temporary deafness which were considered to be due to concussion, shock or the effect of an explosion. In these cases the patients recovered, with rest, within a few weeks. Any genuine deafness existing after six months was usually permanent.
A large number of shell-concussion cases recovered rapidly. Some of these cases showed varying lesions of the drum, rupture, or heemorrhage into the middle ear, when seen soon after the injury. As would be expected there was a mixed middleear and nerve deafness. After recovery it might not be possible to detect any lesion.
A number of these cases were not seen by an aurist because recovery of the hearing took place with the general treatment of the injury. It was significant that wellmarked cases of concussion deafness showed exaggerated reflexes, tremors, vasomotor disturbances, vertigo, headaches, &c., indicating that there was considerable disturbance of the central nervous system and that the injury was severe. The absence of signs of trauma to the ear and a normal caloric labyrinthine reaction were strong indications that the deafness was temporary and not permanent. A forgotten previous inflammatory or other disease of the ear, particularly otosclerosis, might have been present before the injury. Scarring and opacities of the drum and even perforations were evidences of such a condition. It has been observed that internal ear deafness arising from explosions, &c., was more likely to occur when the ear had been previously damaged by suppuration and sclerosis. This previous deafness made the assessment of compensation much more difficult. The medical witnesses of both sides should meet in consultation and, if possible, agree as to the nature of the case. The treatment adopted during the War was complete rest for a few weeks followed by the auditory exercises or the re-education of hearing. A ruptured drum required rest in bed with no local treatment-particularly no drops. The meatus was simply cleaned and the ear left entirely alone.
Mr. Sydney Scott said he thought that the comparative infrequency of nerve deafness in cases of fracture of the base of the skull was due to the infrequency of survival after transverse fracture of the petrous bone.
Survival after head injury with absolute deafness and loss of all labyrinthine reactions was consistent with bilateral laceration of the auditory nerve-fibres emerging from the foramina spirale. He wondered whether any members had known survival after compound fracture with brain extrusion from the external auditory meatus. Many years ago he saw a small boy who had fallen 40 ft. He was unconscious, and cerebral tissue (proved histologically) filled the external auditory canal. A year later he was perfectly well. There was no deafness (Bezold-Edelmann Tone Series) and the site of cleavage was unrecognizable.
In some motoring accidents, a blow on the chin sometimes caused fracture of the tympanic plate, bleeding from the meatus without ruptured drum membrane, or permanent loss of hearing.
He recalled a case of war injury that he had watched during life and examined post mortem. A private soldier, aged 52, had a compound depressed fracture of the fronto-parietal region, and become deaf within a few minutes. He (Mr. Scott) examined him with Bezold-Edelmann forks within twenty-four hours. There was ha3morrhage into both tympanic cavities; one could see the blue colour through the intact drum membranes which were not bulging and there was no sign of external injury of the tympanic membrane. The man died a month afterwards, of meningitis. He (the speaker) removed both temporal bones which he subsequently decalcified. There was no fracture of the temporal bones or of the outer layers of the drum membranes, and he could not find the source of the haemorrhage. One could have understood why there should be blood in the tympanum if the drum membrane had been lacerated, or the temporal bone fractured. Mr. J. N. Deacon said he thought that otitis media was common in cases of fracture. Of 236 cases of fractured skull, 85 were compound, 45 of them being compound through the middle ear. Of the latter, 12 patients died, none of meningitis. 33 of the cases survived, and of those 33, 11 had acute suppurative otitis. On 5 of them he performed the acute mastoid operation and all survived. In the operation cases there were various degrees of deafness-of the conductive type-but there was no tinnitus or vertigo.
Dr. Kelemen said that he had not seen such an extraordinary case as that shown by Mr. Sydney Scott in which brain tissue protruded from the external auditory meatus. He had shown one case of hamorrhage into the tympanic membrane, in which there was no bleeding into the meatus, no haemorrhage was found, or rupture of the tympanic membrane. In a few hours that patient recovered. In Mr. Scott's case there might have been a rupture of the tympanic layer of the drumhead.
Professor Nager said that in one of his accident cases he had found the incus in the external meatus.
The late Dr. J. S. Fraser showed a series of ten slides illustrating cases of injury to the ear. Six of these were cases of war injuries and four of cases of injury in civil life.
Specimen: Sequestrum of the Mastoid Cells.-E. WATSON-WILLIAMS, M.C., F.R.C.S.Ed. John R., aged 9, had acute suppurative otitis media for three weeks, following a cold; this was the first attack of any trouble in the ears. On examination a tender red post-aural swelling was found.
Simple mastoidectomy was performed; the surface of the mastoid was much eroded, but no actual perforation of the cortex was found. The process proved to be a mere shell containing pus and the large sequestrum (representing the main mass of the cellular tissue); the lateral sinus lay exposed in the abscess. Although one freauently meets the word " necrosis " in descriptions of mastoid disease, it is rare to find a sequestrum, at least of the mastoid cells.
